A number of compounds which model the ether structures found in coal were subjected to reaction in the presence of Both cyclic and non-cyclic ethers reacted provided
. Quenching was accomplished by both an internal cooling coil and an external cooling jacket. This method of cooling enabled the autoclave contents to be cooled to less than 1000C within 2 minutes of the start of quenChing and to be brought to room temperature in 15 to 20 minutes.
Throughout the heat-up, reaction, and cool-down phases the autoclave contents were stirred at 600 RPM.
Since the reaction was run as a closed system, no gas was fed to or bled from the autoclave during these periods.
The final cold pressure was noted and compared with the starting cold pressure to determine whether gas had been consumed or generated in the course of the reaction. As solvents for the reactants and products we used: benzene (Ma11inckrod~, cyc10hexane (MCB), and tetra lin (Eastman Organic Chemicals).
received.
ZnC1 2 (Ma11inc~t) was also used as
Results and Discussion

Non-cyclic Ethers
The products obtained upon reaction in the presence of ZnC1 2 of model compounds containing e~~er linkages are summarized in Table 1 . In this table, conversion refers to the amount of reactant which disappeared in the course of the reaction, while the percent theoretical yield of the individual products is calculated on the basis of the initial amount of reactant. Since the percent theoretical yield is also based on the amount of product actually recovered, some of the deviation from theoretical yields can be attributed to system losses, which averaged 7%.
The reaction pattern exhibited by dibenzy1 ether is characteristic of other model compounds and hence will be discussed first.
As seen from 
The remaining fragment of the addition product proceeds to form a second carbonium ion (reaction 4). The carbonium ions thus formed react with benzene to yield diphenylmethane via reaction 3. Finally, the catalyst is regenerated in reaction 5. 
(8)
The active catalytic species in this instance is a BrOnsted The present study contains no evidence to distinguish between these mechanisms. Indeed, it is plausible that both mechanisms could operate simultaneously. The second mechanism could be promoted by the formation of water as a product of the first mechanism, which does not require water as an initiator.
The carbonium ion mechanism can also explain the reactions of dibenzyl ether in cyclohexane. In this case, the only aromatic center available to the benzyl carbonium ions is dibenzyl ether itself. As a result, reaction of the carbonium ion leads to polymer and tar formation via condensation reactions. Reactions 10 and 11 exemplify the types of propagation reactions which might be involved in the condensation process.
@-CH; + @-CH2-~-CH2-@ ~ @-CH 2 -@-CH 2 -OH
+ @-CH~ (10 ) @-CH; + @-CH2-0-CH2-@~ @-CH2-@-CH;
•
The role of gaseous hydrogen in the reactions dib~nzyl ether was also investigated. As seen in ' Table 1, substitution of nitrogen for hydrogen had virtually no effect on the yield o~ distributio~ of products. These results and experiments in which the H2 pressure was varied suggest that gaseous H2 d~es not participate in the reaction mechanism.
Finally it should be noted that while the data presented in Table 1 ether (-l ~ \ ') .
In the case of benzyl phenyl ether, the cleavage mechanism can be described as follows: However, there are apparent differences in product distributions. For example, while sec-amylbenzene is the major product, no significant amount of the n-amylbenzene isomer is seen. In addition, l-methyltetralin (in analogy to l-methylindan above} is present in high relative abundance.
Small amounts of the isomers of methylnaphthalene are seen, indicating some dehydrogenation of the methyl tetralins as they are formed.
As was noted before, tetrahydrofuran and tetrahydropyran gave low product yields. This can be partially attributed to consumption of some of the reactants to provide hydrogen for the reactions. In addition, during the reaction some of the reactant is likely to associate with the ZnCl 2 and remain in the ZnCl 2 phase during product The hydroxy-l,2-diphenylethane is produced by a reaction analogous to those of the cyclic ethers discussed above, The bond between the oxygen and adjacent saturated carbon is cleaved, leaving an alkyl fragment which is activated to attack an aromatic center, namely benzene.
The presence of other products, principally toluene, indicate fragmentation of the alkyl chain. Here again, we note that the reaction products are not greatly dependent on the gas used (H 2 or N 2 ), although the product distributions are somewhat different.
No cleavage products were observed when furan was heated up to 325°C. in benzene containing znC1 2 but some of the furan was consumed. 
Conclusions
The present study has shown that both cyclic and non-cyclic ethers react readily provided that the ether oxygen is adjacent to at least one methylene group.
During the initial steps of cleavage both types of ether form fragments which rapidly alkylate aromatic centers.
.'
For dibenzyl and cyclo-aliphatic ethers the oxygen atom is removed completely to form water. However, if the oxygen is bonded to a phenyl or naphthyl group then a phenolic ~~ hydroxyl group is formed, which is .Gf~~eto~y to fUrther in this case the oxygen atom will be retained as a phenol.
Cleavage of both types of linkage should result in a reduction in the molecular weight of the coal structure and an increase in the so'lubility of the fragments in aromatic and hydroaromatic solvents. By contrast, oxygen atoms present in diaryl ethers and in furan, benzofuran, and dibenzofuran-type structures are not expected to undergo reaction at temperatures below 350°C and in the presence of ZnC1 2 • Likewise, phenolic hydroxyl groups will also be unaffected.
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